Abstract: A simple, rapid, and regioselective approach for the synthesis of N-(methoxycarbonylmethyl)-and N-(n-propoxycarbonylmethyl) nucleobases was developed. By using DMF as the solvent and in the presence of K 2 CO 3 as the base, all the desired products were obtained in moderate yields within 8 min under microwave irradiation.
Introduction
In recent years, modified nucleoside analogues have become of great interest due to their intriguing biological and pharmacological properties [1] [2] [3] [4] [5] . For example, a number of agents that exhibit potent anti-viral and anti-tumor activities such as AZT [6] , Acyclovir [7] [8] , Neplanocin A [9] , Peptide Nucleic Acids (PNA) [10] [11] [12] and so on have been prepared by modification of the carbohydrate ring of the natural nucleosides. PNA is a potent DNA mimic, in which the sugar-phosphate backbone of natural nucleic acids is replaced by a polyamide backbone. Since it was first reported by Nielsen and coworkers in 1991, PNA has attracted wide attention in medicinal chemistry for the development of gene therapy drugs or molecular probes. As a result, several groups have developed a variety of methods for the preparation of N-(alkoxycarbonylmethyl) nucleobases and their derivatives [13] [14] [15] [16] [17] , which are important building blocks for PNA. However, the reported methods have some drawbacks, such as poor yields and regioselectivity, long reaction times and harsh reaction conditions.
In order to expand our research on the modification of nucleosides [18] [19] [20] and obtain these building blocks in higher yields with shorter reaction times and under milder reaction conditions, we turned our attention to microwave irradiation (MWI). The use of microwave-assisted organic syntheses has attracted considerable interest over the last two decades, leading to remarkable decreases in reaction times, significant enhancements of yields, easier workups and better regioselectivity [21] [22] [23] [24] [25] [26] [27] [28] [29] . Herein, we report a rapid, facile and practical protocol for the formation of N-(methoxycarbonylmethyl)-and N-(n-propoxycarbonylmethyl) nucleobases.
Results and Discussion
Initially, we selected the reaction of uracil with methyl chloroacetate as a model system to investigate the influence of base and irradiation time on the yield, as summarized in Table 1 . All reactions were carried out in DMF, as it is an excellent solvent both for dissolving nucleobases and absorbing microwave energy. To our delight, 3a was obtained in 52% yield by using DMAP as base (entry 1). Changing the base to CH 3 ONa or NaH only led to worse results (entries 2 and 3). An obvious yield improvement was observed when K 2 CO 3 was employed (entry 4). Consequently, K 2 CO 3 was selected as the best base, not only because it gave rise to the best results, but also because it is very cheap and easy to handle. The irradiation time had also significant effect on the yield, but it seemed that the reaction reached chemical equilibrium after being irradiated for some 8 min, as only slight yield variations were detected after longer irradiation times (entries 5 and 6). With prolonged reaction times (entry 7) a lower yield of 3a resulted and some N 3 -alkylated product was obtained.
Further screening of irradiation power and reaction temperatures confirmed that 250 W and 160 °C were the best conditions. With this promising procedure in hand, we then extended the scope of substrates to include other uracil derivatives, as outlined in Table 2 . To our delight, all the uracil derivatives were exclusively alkylated at N-1, as confirmed by HMBC spectra, suggesting that our method was highly regioselective. It is worth mentioning that the same results were achieved when 2a was employed as the alkylating agent under the same conditions (entries 6-10). Substituting 5-H with CH 3 , Cl, or I only resulted in slight variations in yield, indicating that no obvious substitutent-effect existed [26] . Disappointingly, alkylation of 1e gave very poor results and only starting material was recovered. In order to increase the solubility and prevent side reactions, N 4 -acetyl cytosine (1f) was then utilized as the precursor of 1e and treated with 2a as described above to afford 3f in 64% yield (entry 5). Interestingly, the procedure developed for uracil derivatives also worked well for purine derivatives. As can be seen from Table 3 , the length of alkyl chain in the chloroacetate reagent did not affect the yield. The target N 9 -alkylated products were produced in high regioselectivity and good yields. To our surprise, no obvious changes in yields were observed when the 6-Cl and 2-H in 4a were substituted by 6-benzylamino (4c) and 2-Cl groups (4b), respectively. A possible explanation is that substitutents in these positions do not affect the electronic nature of N-9. In order to investigate the capability and selectivity of our method compared with the conventional heating method, the formation of 3a was carried out in a pre-heated oil bath under the same conditions used with the microwave irradiation. It was shown the reaction afforded only 13% yield after 8 min and 50% yield after 6 h, and that the product was associated with the N 3 -alkylated byproduct, clearly indicating that our method was superior to the conventional method. 
Conclusions
In summary, we have developed a procedure for the preparation of N-(alkoxycarbonylmethyl) nucleobases that is rapid, simple and highly efficient in terms of yield and regioselectivity. Our method has several additional advantages, such as milder reaction conditions, short reaction times and lack of side products. The use of this method to synthesize other PNA building blocks is currently under study in our laboratory and the results will be reported in due course.
Acknowledgements
We are grateful for financial support from the Natural Science Foundation of China (No. 20372018) for financial support.
Experimental Section

General
All reagents and solvents were purchased from commercial sources and used without further purification. The nucleobases were a gift of Xinxiang Tuoxin Biochemical Technology & Science Co. Ltd, P. R. China. Melting points were determined on an XRC-1 micro melting point apparatus and are uncorrected.
1 H-and 13 C-NMR spectra were recorded in DMSO-d 6 solutions on a Bruker DPX-400 spectrometer (at 400 MHz and 100 MHz, respectively) using TMS as internal standard. High resolution mass spectra were obtained on the electrospray ionization (ESI) mass spectrometer.
Elemental analyses were performed on an EA-1110 (CE Instruments) instrument. All reactions were performed in a commercially available single-mode microwave apparatus equipped with a high sensitivity IR sensor for temperature control and measurement (MAS-I, Sineo Microwave Chemical Technology Co. Ltd., Shanghai, China).
General Procedure for the preparation of 3a (microwave method)
A mixture of uracil (2 mmol, 0.224 g), K 2 CO 3 (2 mmol, 0.276 g) and methyl chloroacetate (6 mmol, 0.55 mL) in DMF (5 mL) was placed in a 50 mL round-bottom glass flask. After being irradiated at 250 W (160 o C) for 8 min, the reaction mixture was concentrated to dryness under reduced pressure and the residue was purified by column chromatography 13 C-NMR δ: 12.0 (CH 3 -5), 48.5 (CH 2 ), 52.4 (CH 3 ), 108.8 (C-5), 141.7 (C-6), 151.1 (C-2), 164.5 (C-4), 168.9 (C=O). 
5-Chloro-1-(methoxycarbonylmethyl) uracil
Synthesis of 3a (conventional method)
A mixture of uracil (2 mmol, 0.224 g), K 2 CO 3 (2 mmol, 0.276 g) and methyl chloroacetate (6 mmol, 0.55 mL) in DMF (5 mL), contained in a 50 mL round-bottom glass flask, was stirred under reflux in an oil-bath (160 o C) for 8 min or 6 h. The workups were performed as described above for the microwave method.
